ABSTRACT Although electrical ablation of ventricular tachycardia via percutaneous catheters has been recently accomplished in human beings, little is known of its pathologic or arrhythmogenic effects. We studied 21 open-chest anesthetized dogs in which an endocardial electrode catheter was percutaneously introduced into the left ventricle. Direct current (DC) shock was delivered by a standard defibrillator through the distal electrode to a back paddle. Cross-sectional two-dimensional echocardiographic studies were performed in the plane of the catheter (confirmed by epicardial metal beads), and blood flow was determined by the microsphere technique before DC shock and when the animals were killed 2 to 8 days later. Of 1 1 dogs receiving a total of 100 to 400 J, only three survived 48 hr compared with nine of 10 receiving 50 J and all three control dogs. Holter monitoring demonstrated sustained ventricular tachycardia (VT) (-30 sec) in all 1 1 dogs monitored (six received 100 J), beginning within 5 hr of the DC shock; three control dogs had no VT. Two dogs that died suddenly while being monitored showed ventricular fibrillation. Histologic examination revealed hemorrhagic contraction band necrosis in the shock zone, a type of injury similar to that observed in reperfusion necrosis. Necrosis of the left ventricle was 0.5% to 5%. There was no significant difference in necrosis between dogs receiving 100 J or more and those receiving 50 J (2.5 vs 1.7 g; p > 10). Percent systolic thickening determined in eight equally divided regions around the left ventricle showed no difference between the shock zone, perishock zone, or remote normal zone in dogs receiving 50 J. Blood flow was diminished in the shock zone by 21 + 6% (p < .005) but was unchanged elsewhere. Thus DC shock with as little as 50 J through an endocardial catheter results in localized nontransmural hemorrhagic necrosis. Despite its involvement of a relatively small portion of the left ventricle, this lesion is markedly arrhythmogenic, resulting in sustained VT/sudden death during the first week after DC shock. Circulation 69, No. 5, 1006No. 5, -1012No. 5, , 1984 THERAPEUTIC interventions to treat medically refractory ventricular tachyarrhythmias include experimental antiarrhythmic drugs, antitachycardiac pacemakers, endocardial resection, and the automatic implantable defibrillator. IA Recently, closed-chest ablation in the His bundle was successfully performed in patients with medically refractory supraventricular tachyarrhythmias by delivery of a direct current (DC) shock through a standard electrode catheter.5 6 Reasoning that high-energy discharge would also interrupt Received Nov. 14, 1983; revision accepted Jan. 18, 1984. Presented in part at the 56th Annual Scientific Sessions of the American Heart Association, November 1983, Anaheim, CA. 1006 reentrant pathways responsible for ventricular tachycardia (VT), Hartzler7 has also used this procedure in the ventricle for ablation of VT in human beings. However, the hemodynamic and electrophysiologic consequences of DC shock on endocardium are unknown.
THERAPEUTIC interventions to treat medically refractory ventricular tachyarrhythmias include experimental antiarrhythmic drugs, antitachycardiac pacemakers, endocardial resection, and the automatic implantable defibrillator. IA Recently, closed-chest ablation in the His bundle was successfully performed in patients with medically refractory supraventricular tachyarrhythmias by delivery of a direct current (DC) shock through a standard electrode catheter.5 6 Reasoning that high-energy discharge would also interrupt reentrant pathways responsible for ventricular tachycardia (VT), Hartzler7 has also used this procedure in the ventricle for ablation of VT in human beings. However, the hemodynamic and electrophysiologic consequences of DC shock on endocardium are unknown.
Previous studies limited to either transthoracic or epicardial DC shock have reported impaired ventricular function,8-13 myocardial necrosis,'4 15 and ventricular arrhythmias. 16, 17 This study was therefore designed to assess the longterm effects of DC shock delivered through an endocardial catheter on regional structure, function, and cardiac rhythm of the canine left ventricle.
Methods
Experimental preparations. Twenty-one mongrel dogs weighing 18 to 26 kg were, anesthetized with 30 mg/kg sodium pentobarbital and ventilated with a Harvard respirator. A left lateral thoracotomy was performed in the fifth intercostal space, LABORATORY INVESTIGATION-VENTRICULAR ARRHYTHMIA and the heart was suspended in a pericardial cradle. Polyethylene catheters were placed in the internal mammary artery and left atrium and were externalized at the back of the neck through a subcutaneous tunnel. A 1 million U dose of penicillin and a 1 g dose of streptomycin were given intramuscularly after surgery.
Experimental protocol. The surface lead II electrocardiogram and arterial pressure were continluously monitored (Statham P23Db) on a direct-writing recorder (Gould, Inc.). Under sterile technique, a standard No. 6F quadripolar catheter (United States Catheter and Instrument Corp., Billerica, MA) with 1 cm interelectrode distance was inserted through the common carotid artery and advanced retrogradely under fluoroscopic control to lie securely in the perpendicular plane against the left ventricular endocardium. With biplane fluoroscopy and an epicardial metal probe, the epicardial site directly above the endocardial tip of the catheter was determined. A metal bead (3/16 inch stainless steel shot) was sewn to the epicardium at this site (figure 1). 18 A second bead was sewn to the left ventricular epicardium approximately 90 degrees from the first bead and at the same distance from the cardiac apex as the first bead. A third bead was sewn to the epicardium at a site approximately 180 degrees from the second bead, again at the same distance from the apex. These three beads therefore defined the cross-sectional plane containing the tip of the endocardial catheter for reproducible echocardiographic evaluation of regional systolic wall thickening.
Regional myocardial blood flow was.assessed by injecting into the left atrium approximately 2.0 x 106 microspheres, 7 to 10 ,um in diameter and labeled with 125j1, Ce, S55r, 95Nb, or 46Sc (3M Co.), with polysorbate 80 added. ' To determine whether epicardial vessels were managed by endocardial DC shock, the hearts of two dogs (receiving 50 J) were studied angiographically after death.'8 A barium sulfategelatin mass at a controlled pressure of 160 mm Hg was injected simultaneously through cannulas inserted into the origins of the right, left anterior descending. and circumflex arteries. Radiographs of the intact and serially sectioned heart were then obtained.
Regional myocardial blood flow. Tissue samples for measurement of blood flow were obtained as described above. The samples were weighed, placed in formalin-filled vials, and evaluated for radioactivity levels (Model 5986 multichannel gamma scintillation counter; Packard). Energy windows were adjusted to include the main photon peak of each isotope. Flows were corrected for true and apparent microsphere loss as previously described. [18] [19] [20] Flows in the shock zone and perishock zone were expressed as a percent of the control zone.
Holter monitoring. Continuous 24 hr Holter recordings were obtained with a two-channel recorder. Tapes were read by a trained analyst using a computerized scanner (Avionics Trendsetter). Episodes of VT were printed out in real time for verifica tion. Mean predictive positive accuracy and sensitivity rates for detecting ventricular extrasystoles in our laboratory are approximately 90%, and the false-positive rate is 10% (Model 686; Dynamic Electrocardiovalidator). For this study, sustained VT was defined as that lasting 30 sec or longer. Since in some cases the signal recorded was less than 0.5 mV, the minimum detected by the computerized scanner, quantitative analysis of the number of ventricular extrasystoles was not performed.
Statistics. Percent systolic wall thickening was analyzed by repeated-measures analysis of variance to test for diftferences among the shock, perishock, and control zones. To test the null hypothesis that there was no difterence in regional blood flow among these regions, one-way analysis of variance was performed. Data are expressed as mean + SD.
Results
Two groups of dogs were delineated for analysis. The first group comprised 11 dogs that received total DC shock between 100 and 400 J. One and the control zone ( figure 3 ). In the three dogs receiving 200 J shocks, the shock zone and perishock zone were reduced compared with the control zone by 14 ± 6% and 11 ± 7%, respectively. Gross anatomic and histologic findings. Gross examination revealed no evidence of myocardial rupture or formation of thrombus. Serial transverse sections revealed discrete, circumscribed hemorrhagic lesions that spread from endocardium and extended to the midmyocardium (figure 4). Transmural injury was not demonstrated in any case regardless of energy administered. In all dogs receiving 50 J shocks, visible lesions were confined to only one transverse section (1 to 1.5 cm thickness). In dogs receiving 100 to 400 J, injury was more varied, extending across one or two transverse slices. The total of gross injured tissue for all dogs was 0.5 to 5.0 g. This represented between 0.5% to 4% of left ventricular mass. Dogs receiving shocks of 100 J or more had more gross damage than those receiving 50 J (2.5 vs 1.7 g, respectively),but this was not statistically significant (p > .10). In the former group, the four dogs that received 200 J twice consecutively had a mean of 2.9 g of necrotic tissue, compared with 2 g in dogs receiving 200 J and 1.4 g in the dog receiving 100 J. The three dogs in this group that survived at least 48 hr had a mean of 0.7 g of necrotic tissue (all received 200 J).
Postmortem coronary angiographic studies performed in two dogs showed continuity of epicardial Histologic examination showed contraction band necrosis,2' with extensive disruption of fibers and hemorrhage in the region of the grossly evident lesions ( figure 5) .
Echocardiographic results. The change in percent systolic thickening, as determined by the difference between the control value and that obtained at least 48 hr after a 50 J shock, was not statistically different among any of the eight cross-sectional regions ( figure 6 ).
Discussion
The most significant finding in our study was the prevalence of VT and incidence of sudden death resulting from endocardial DC shock. All dogs monitored had sustained VT and 38% died suddenly. Recordings of spontaneous arrhythmias were performed for up to 8 days after DC shock, with the majority of dogs observed for the initial 48 to 72 hr. There was a trend toward diminished frequency of ventricular extrasystoles beginning the third day after DC shock, suggesting an early period of vulnerability, perhaps as noxious substances redistribute or continue to wash out of necrotic cells that were well perfused by intact vasculature.
Recently, successful closed-chest ventricular ablation of VT by DC shock via endocardial catheters has been reported,7 but little information is available regarding the type, extent, or consequence of this type of controlled but "blinded" injury. This is of concern since ventricular dysfunction may result from highenergy transthoracic or epicardial DC shock. Clinical observations of pulmonary edema after cardioversion are well documented.8-" Recently, assessment of regional myocardial dysfunction by sonomicrometers has demonstrated impaired systolic function subepicardially when DC shock was delivered directly to canine epicardium.t) Diastolic properties are also altered. There is a modest increase in the time constant for isovolumic fall in left ventricular pressure,"5 suggesting impairment of left ventricular relaxation. 22 We evaluated venitricular function by quantifying regional systolic wall thickening, which has been shown to be an accurate index of fiber shortening,)1 by means of two-dimensional echocardiography. We tbund no difference in systolic thickening between the shock, adjacent, and remote zones. This may be explained in part by the minimal degree of gross injury produced, 0.5% to 4% of left ventricular mass. If abnormnal systolic function did occur, it was beyond the sensitivity of our technique to measure it and was therefore likely to be of little clinical consequence.
Existing data concerning the influence of direct epicardial DC shock on regional myocardial blood flow are conflicting. Investigators using thallium-201 found reduction in regional myocardial blood flow when shocks of greater than 30 J were discharged. ' ventricular arrhythmias that resulted from endocardial DC shock. Our results are limited to arrhythmias occurring during the first week of observation and suggest that the type of injury and not just its extent could be a factor in causing such rhythm disturbances during the early phases of myocardial necrosis. Whether the magnitude and malignancy of arrhythmias found are clinically relevant remains to be seen. The dogs in our study were free of coronary artery disease, scarred left ventricles, wall motion abnormalities, or sustained VT before DC shock. It appears, however, that although myocardial blood flow and systolic function are minimally impaired, the marked prevalence of VT and incidence of sudden death in our study should encourage further investigation to determine the long-term sequelae of this procedure before it becomes accepted as a standard therapeutic method in human beings.
